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Anatomical variations of the femoral vein
Jean-François Uhl, MD,a,b Claude Gillot, MD,b and Maxime Chahim, MD,c Neuilly-sur-Seine, Paris, and
Issy les Moulineaux, France
Background: The venous anatomy is highly variable. This is due to possible venous malformations (minor truncular
forms) occurring during the late development of the embryo that produce several anatomical variations in the number and
caliber of the main venous femoral trunks at the thigh level. Our aim was to study the prevalence of the different
anatomical variations of the femoral vein at the thigh level.
Methods: This study used 336 limbs of 118 fresh, nonembalmed cadavers. The technique included washing of the whole
venous system, latex injection, anatomical dissection, and then painting of the veins.
Results: The modal anatomy of the femoral vein was found in 308 of 336 limbs (88%). Truncular malformations were
found in 28 of 336 limbs (12%); unitruncular configurations in 3% (axo femoral trunk [1%] and deep femoral trunk
[2%]). Bitruncular configurations were found in 9% (bifidity of the femoral vein [2%], femoral vein with axio-femoral
trunk [5%], and femoral vein with deep femoral trunk [2%]).
Conclusion:Truncular venous malformations of the femoral vein are not rare (12%). Their knowledge is important for the
investigation of the venous network, particularly the venous mapping of patients with cardiovascular disease. It is also
important to recognize a bitruncular configuration to avoid potential errors for the diagnosis of deep venous thrombosis
of the femoral vein, in the case of an occluded duplicated trunk. (J Vasc Surg 2010;52:714-9.)
Clinical Relevance: Truncular venous malformations of the femoral vein are not rare. For the investigator, it may be
clinically prudent to scan the opposite limb in the presence of venous duplication since femoral vein duplication is
frequently bilateral. It should also be noted that a thrombus is more likely to be seen in one canal of a duplicated femoral
vein than in the normal anatomy. Thus, a thrombus in that canal could be easily missed on ultrasound. For the surgeon,
femoral vein duplication could provide the opportunity to use one of the trunks for deep vein transposition reconstruc-
tion surgery of the opposite limb.The venous anatomy of the lower limbs is highly variable
owing to venous malformations occurring during the late
development of the embryo. Several anatomical variations in
the number and caliber of the main venous femoral trunks at
the thigh level have been described and may have a clinical
impact. The femoral vein is the main vessel in the majority of
limbs (we call it modal anatomy), but may be replaced by a
so-called axial vein or a deep-femoral trunk. Two separated
main parallel trunks have also been described.
The aim of this study is to assess the prevalence of the
different anatomical variations of the femoral vein. In order to
better recognize the venous malformations, it is important to
know the underlying embryogenesis of the venous system of
the lower limb.
Primitive vascular channels in the limb first appear in the
third week of gestation. During stage 1 of its development
(undifferentiated stage), only a capillary network is present.
Stage 2 is the retiform stage when large plexiform structures
can be seen, while in stage 3, by the third week of gestation,
thematuration stage includes development of larger channels,
and maturation of the arteries, veins, and lymphatics.1
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714One important fact is that the arrangement of the
vessels parallels the layout of the neuronal network. The
nerves appear first. From the axons and Schwann cells that
coat them, they secrete a vascular endothelial growth fac-
tor, or VEGF. This factor appears to have a two-fold role: to
attract the primitive blood vessels to the vicinity of the
nerves, and then to induce their arterial, venous, or lym-
phatic specialization.2,3 The ephrin family (B2-B4) play an
important role in the venous or arterial differentiation.4 In
addition, le Noble et al showed that arterial-venous differ-
entiation and patterning are controlled by the blood flow.5
In this way, three main “angioguiding” nerves deter-
mine the venous development of the embryonic leg:
1. The axial nerve or greater sciatic (in yellow), along-
side which the axial venous plexus forms (in red; Fig
1). At the apex of the calf, one of the branches (the
sural nerve) directs the development of the small
saphenous vein (SSV), from the foot to the apex of
the calf. At the popliteal level, it forms the axial
extension of the SSV.
2. The preaxial or femoral nerve (in orange) is involved
through its sensory branches (internal saphenous nerve)
to form the pre-axial plexus (in blue), origin of the
femoral vein and the great saphenous vein (GSV).
3. The postaxial nerve (in green) and its plexus (in purple)
give rise to the SSV. The femoropoplital segment becomes
the dorsal or cranial extension of the SSV. The anastomo-
ses (in green) extend from one plexus to another. Three of
them are involved in shaping the SSV (Fig 2):
a. The axio/postaxial anastomosis of the apex of thecalf. It divides the axial venous path into a lower
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segment, the sural nerve vein (leg plexus in red),
which is deeply located, below the muscular fascia,
between the gastrocnemius muscles (Fig 3).
b. The popliteal axo/postaxial anastomosis, a synonym
for the saphenous arch (in white). This means that
there is a real supracondyle venous junction (white
circle), where the axial plexus meets its two popliteal
anastomosis; one of them is dorsal (the future SSV
arch) and the other is ventral, and gives rise to the
modal-type popliteal vein, a large axio/preaxial anas-
Fig 1. The 3 “angioguiding” nerves of the lower limb. Sciatic
nerve or axial nerve (in yellow), femoral nerve or pre-axial nerve (in
orange), and the post-axial nerve (in green).
Fig 2. The plexus shaped venous network of the 6th week embryo. 1,
pre-axial venous plexus (in light blue); 2, axial venous plexus (in red); 3,
post-axial venous plexus (in purple).A, Sciatic nerve, in yellow,B, femoral
nerve, in orange, andC, small sciatic nerve, in green.
Fig 3. Venous network of the fetus. 1, femoral vein; 2, deep femoral
vein; 3, sciatic arcade; 4, small saphenous vein; 5, dorsal (or cranial)
extension of the SSV; 6, Giacomini vein; 7, great saphenous vein; s,
sural nerve; P, popliteal crossroad; A, xciatic nerve (axial).tomosis (in dark yellow).c. Lastly, a post-axio/preaxial anastomosis of the root
of the limb. This will give the inter saphenous anas-
tomosis called Giacomini’s vein (number 6 in light
purple; Fig 4).
At the end of the embryogenesis, if we except the
Fig 4. Venous network at birth. 1, femoral vein; 2, deep femoral
vein; 3, sciatic arcade; 4, small saphenous vein; 5, dorsal (or cranial)
extension of the SSV; 6, Giacomini vein; 7, great saphenous vein; s,
sural nerve; P, popliteal crossroad; A, xciatic nerve (axial).
Fig 5. The three venous axis of the limb. A, axial arcade (sciatic);
D, deep femoral vein; FV, femoral vein; EI, external iliac; IG,
inferior gluteal vein;CF, common femoral; P1, first perforator; P2,
second perforator; P3, third perforator.cranial extension of the SSV following the post axial nerve
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thigh: the femoral vein (FV), the deep femoral vein (D),
and the venous arcade (A) of the sciatic nerve (Fig 5).
According to the evolution or involution of each of
those three main veins, we can see different configurations
to be detailed in this study. In the majority of cases (modal
anatomy), the femoral vein is the main vessel, but it could
be the axial vein or the deep-femoral vein, or it could be
separated into two main trunks.
All these can be considered as truncular venous malfor-
mations, occurring at a late stage of the embryonic devel-
opment.6
MATERIAL AND METHODS
This study is an update of an initial study published in
French in 1991, describing the finding in 333 lower limbs.7
Due to difficult interpretation in some limbs owing to poor
quality of pictures/drawings, 35 of these limbs were ex-
cluded in the present study. An additional 38 limbs were
dissected from January 2000 to June 2008. Thus, a total
number of 336 limbs of 118 fresh cadavers are included in
this study. None of the cadavers were embalmed, which is
essential when studying the venous system. All cadavers
were derived from the Division of the “Don des Corps” in
the department of Anatomy, University Paris Descartes,
bequeathed by informed consent. All cadavers were old
Caucasians, with an equal number of female and male
specimens.
The anatomical technique includes three steps: injec-
tion, dissection, and painting.4
Latex injection of the venous system of the lower
limb. Catheterization of either the medial marginal vein of
the foot or the great saphenous vein at the ankle is done
toward the toes. Dissection of the femoral vein is performed
with insertion of a canula at the iliac junction. Perfusion of
soaped water at the foot towards the toes is done several
times in order to obtain femoral reflux of clear liquid
without thrombus. Between each step of perfusion, a mas-
sage of the muscles of the thigh is performed. In that way,
the most part of the blood and thrombus inside the lumen
are removed from the venous network. A ligation of the
femoral vein is performed. A mixture of nondiluted green
neoprene latex is prepared and filtered. The latex is slowly
injected towards the toes by the catheter of the foot with a
20-mL syringe. A quantity of 120 to 160mL is needed (5-8
Table. Repartition of the different configurations found a
Unitruncular
Type N %
Modal 296 88%
Axiofemoral trunk 3 0.9%
Deep femoral trunk 7 2%
Total 306 91%
FV, Femoral vein.syringes) to fill the whole venous system. It is useful to wait5 to 10 minutes after the injection of the last two to three
syringes. After washing out of the venous system, 10% to
15% of venous segments will remain obstructed and, there-
fore, not filled by the latex. In most cases, these segments
are short and readily identified by the subsequent dissec-
tion. The anatomical dissection is possible 12 to 24 hours
later when the latex is solidified.
Anatomical dissection. Anatomical dissection is then
performed with removal of the skin, section of the muscles,
and tendons in order to obtain a full view of the whole
length of the vascular axis.
Painting of the veins. Painting of the veins is finally
achieved for a comprehensive segmentation of the venous
system.
Each specimen obtained between 2000 and 2008 was
documented by digital photography. Some of them were
also completed by a color drawing.
RESULTS
The modal anatomy of the femoral vein was found in
296 among 336 limbs (88%). Congenital venous malfor-
mations (VM) were found in 28 of 336 limbs (12%). The
results are summarized in the Table. A previous anatomical
study was published in 1991;7 this study is an update with
addition of colored illustrations.
The configurations can be classified into two groups,
unitruncular and bitruncular.
Unitruncular configurations were found in 91% (Fig
6). These include the modal anatomy (Fig 6, A) found in
308 limbs (88%). Unitruncular VMwere found in 10 limbs
(3%). The main trunk of the thigh in these cases is not the
femoral vein, but either the axial trunk or the deep femoral.
● Axiofemoral trunk: 1% (Fig 6, B). Here, the femoral
vein is hypoplastic, reduced to the size of a collateral
canal; the axial vein of the embryo becomes the main
draining trunk of the thigh, named “axiofemoral
trunk.” It is commonly connected to the deep fem-
oral vein, or sometimes directly to the common fem-
oral vein. An example of this configuration is shown on
an anatomical dissection (Fig 7).
● Deep femoral trunk: 2% (Fig 6, C). In this case, the
femoral vein is also hypoplasic, and the deep femoral
vein becomes the main draining trunk of the thigh. An
example of this configuration is shown on an anatom-
g 336 dissected limbs
Bitruncular
Type N %
FV bifidity or plexus 7 2%
FV  axial trunk 16 4.8%
FV  deep FV 7 2%
Total 30 9%monical dissection (Fig 8).
vein; IG, inferior gluteal; Po, popliteal vein; SNA, sciatic nerve arcade.
The valves are highlighted in yellow.DF, Deep femoral vein.
JOURNAL OF VASCULAR SURGERY
Volume 52, Number 3 Uhl et al 717Bitruncular configurations are found in 30 limbs (9%;
Fig 9). Total bifidity (plexiform type; Fig 9, A) or subtotal
bifidity (Fig 9, B) of a modal dispositive was found in seven
limbs (2%). The bifurcations were of two types:
● Low, above the condyle with axiofemoral trunk (5%;
Fig 9, D).
● High, in the adductor’s canal with deep femoral trunk
(2%; Fig 9, C).
Fig 10 shows the 3D reconstruction by veno-computed
tomography (CT) of a patient with a bitruncular configu-
ration. The popliteal vein (1) divides above the condyles
into two branches: medially, in blue, the femoral vein with
one channel joining the deep femoral vein (3, in red). A
collateral canal is present in addition (6, in green) on the
medial aspect. The second branch, bigger, is running ver-
tically along the bone axis and follows the sciatic nerve: it is
the axiofemoral trunk (2, in yellow). All three branches join
in the groin at the level of the common femoral vein (7).
Fig 11 shows a high division of the femoral vein (mid-
thigh) into a femoral vein and a deep femoral vein.
Fig 12 shows a configuration with an “X-shaped” pop-
liteal convergence dividing into an axiofemoral trunk and a
Fig 8. Example of a deep femoral trunk. The popliteal vein (P)
divides into two branches: one small femoral vein medially (F) and
a large one laterally, the deep femoral trunk (D) joining the
common femoral vein upward.Fig 6. The three monotruncular configurations: Dispositive A,
modal anatomy (88%); Dispositive B, axiofemoral trunk (1%); Dis-
positive C, deep femoral trunk (2%). AFT, Axiofemoral trunk; cc,
collateral canal; CF, common femoral vein; Cm, medial circonflex
vein; DF, deep femoral vein; DFT, deep femoral trunk; FV, femoralFig 7. Example of an axiofemoral trunk. The popliteal vein (P) comes
from two roots,medial (in blue) and lateral (in green). It divides into two
branches. One small femoral vein medially (FV) duplicated into two
branches along the femoral artery (fa) and a large axial one (A, in red).femoral vein (smaller).
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The newHamburg classification for congenital vascular
malformations (CVMs), based on firm embryogenetically
linked anatomo-etio-patho-physiologic information, fi-
nally provided proper classification of CVMs1 with the
dominant component of each vascular defect (arterial, ve-
nous, and lymphatic). Each CVM is also divided into the
truncular form and the extratruncular form, depending on
the stage when developmental arrest should have occurred,
and this additional naming provides critical information for
assessing risk of recurrence or continued growth, or both.
According to this knowledge, the anatomical variations
of the femoral vein can be truly considered as venous
malformations (minor truncular form) in the new classifi-
cation of CVMs.6
The prevalence of duplicated femoral veins is variable,
from 12% to 46%, depending of the technique used: ana-
tomical study, venography, or ultrasound.
Cockett8 was one of the first to draw attention to the
high prevalence of femoral variations, with only 18% of the
limbs having a modal dispositive.
A high prevalence of anatomical variations has also
been reported with venograms, from 25% by Gordon9 and
32% by Quinlan,10 to 46% by Screaton,11 who showed that
the frequency of missed proximal thrombosis at sonogra-
phy appears to be increased when duplicated femoral veins
are present (but that finding was not statistically signifi-
Fig 9. The four bitruncular configurations: Dispositive A, bifidity
of the femoral vein (1%); Dispositive B, plexiform femoral vein
(1%); Dispositive C, high bifurcation (deep femoral plus femoral;
2%); Dispositive D, low bifurcation (axiofemoral plus femoral;
4.8%).AF, Axiofemoral vein; CF, common femoral vein;DF, deep
femoral vein; FV, femoral vein; P3, third perforator.cant).The possible explanation of the difference between
venography and anatomical findings is related to the cur-
rent definition of a venous collateral canal. Indeed, a canal
of small caliber, inferior to 4 mm, cannot be really consid-
ered as a duplication of the femoral vein.
Findings of duplicated femoral veins from ultrasound
Fig 10. Case report of a patient with a bitruncular configuration.
3D reconstruction by veno-CT showing two main trunks of the
thigh. The popliteal vein (marked 1) divides into two branches.
The axiofemoral trunk (marked 2, in yellow) is the bigger, follow-
ing the sciatic nerve. The femoral vein (FV) is located medially
(marked 4, in blue) and divides into the deep femoral vein (marked
3, in red) at mid-thigh. 5, great saphenous vein (GSV); 6, second-
ary root of the FV; 7, common femoral vein.
Fig 11. Drawing from a dissection showing a bitruncular config-
uration with an FV together with a deep femoral vein (the small
numbers indicate the caliber of the veins). 1, popliteal vein (in
blue); 2, femoral vein (in green); 3, deep femoral vein (in yellow); 4,
common femoral vein (in blue); 5, venous collateral canal; 6,
popliteal artery; 7, femoral artery; 8, common femoral artery; 9,
Sartorius muscle.were 15% by Dona,12 who found that the mean decrease in
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indicates a higher risk of deep vein thrombosis (DVT).
According to several authors, at least 20% of proximal
thrombi are isolated to the FV,13-15 and this findingmay be
more common when the FV is duplicated.10 In a review of
269 cases of acute lower limb proximal DVT, Maki et al14
showed that 22% of thrombi were isolated to the FV, with
the remaining 78% having thrombus extending into the
common femoral or popliteal veins or both. Thus, assess-
ment of the SFV is often of great importance in the estab-
lishment of more than 20% of all lower limb DVT.10
Therefore, the suggestion that it is safe to exclude SFV in
ultrasound assessment of the lower limb cannot be sup-
ported.
What about the bilaterality of these abnormalities? The
symmetry between the limbs is not the rule, as showed by
Quinlan,10 the nonsymmetric anatomy being found in 195
of 404 cases for the femoral vein (48%).
Although not confirmed by two ultrasound studies,9,16
the duplication of the FV in one limb strongly correlated
with the incidence of venous anomalies in the other limb on
venographies.10 Therefore, the implications of this obser-
vation are that if duplications are visualized in one leg, the
other leg should be scanned for the presence of these
anomalies.
CONCLUSION
The venous malformations (truncular forms) of the
femoral vein are not rare (about 12%). They appear to
develop in the late stage of the embryogenesis. The preva-
lence rate is different (12%-88%) depending on the type of
investigation and the anatomical definition of what consti-
tutes a duplication. It may also be concluded that it may be
clinically prudent to scan the other limb in the presence of
Fig 12. Case report of a dissection showing a bitruncular config-
uration with an FV together with an axiofemoral trunk (the small
numbers indicate the caliber of the veins). Notice the X-shaped
popliteal convergence. 1,medial root of the popliteal vein (in blue);
2, lateral root of the popliteal vein (in green); 3, femoral vein (in
dark green); 4, axiofemoral trunk (in red); 5, deep femoral vein (in
light green); 6, common femoral vein (in blue); 7, popliteal artery
(in orange); 8, sciatic nerve.a duplication in one limb. This is supported by the obser-vation that femoral vein duplication frequently is bilateral,
that a thrombus in one canal of the duplicated femoral vein
perhaps is more common than in the normal anatomy, and
that a thrombus in that canal can be easily missed on
ultrasound.
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